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Este trabalho teve por objetivo avaliar a eficácia de uma formulação de lincomicina 
contra micro-organismos causadores de doenças em frangos de corte, após sua 
administração oral (através da água e da ração). Os animais receberam 10 mg de 
lincomicina por kg de peso corporal, por dia, durante 7 dias consecutivos. Amostras 
de tecido (intestino delgado e intestino grosso) foram obtidas ao longo do tempo 
para avaliação do comportamento farmacocinético tecidual. Também foi identificada 
a concentração mínima inibitória (CIM) da lincomicina pelo método de múltipla 
diluição e avaliação por turbidimetria. Foi desenvolvido e validado um método 
analítico por cromatografia líquida de alta eficiência associada à espectrometria de 
massas (LC-MS/MS) para quantificação dos resíduos de lincomicina nos tecidos 
alvo, tendo apresentado conformidade com o guia de validação adotado (VICH 
TOPIC GL 49, 2011). O método analítico mostrou-se sensível (LOQ = 125 µg/kg) e 
robusto, permitindo a quantificação da lincomicina com a exatidão e precisão 
necessárias. O resultado da CIM deste estudo com as principais cepas patogênicas 
estudadas para frangos de corte, resultou em valores entre 1 e 256 µg/mL. Verificou-
se maior absorção da lincomicina no intestino grosso. Isso ocorre de forma similar 
quando comparamos concentrações de lincomicina administrada via água e ração e 
analisadas em ambos os intestinos, grosso e delgado. A eficácia abrangeu maior 
número de patógenos (Clostridium perfringens, Escherichia coli, Pasteurella 
multocida, Pseudomonas aeruginosa, Salmonella Enteritidis e Salmonella 
Typhimurium) no intestino grosso em comparação com o intestino delgado, assim 
como o maior número de patógenos na administração via água do que via ração. A 
lincomicina é classificada como um antimicrobiano tempo-dependente. Assim, a 
formulação aqui estudada foi considerada eficaz, pois o tempo em que a 
concentração tecidual do ativo principal permaneceu acima da CIM das bactérias de 
interesse, foi no mínimo 60% do tempo total de exposição, conforme recomendação 
do Ministério da Agricultura, Pecuária e Abastecimento do Brasil. A administração 
desta nova formulação via água foi eficaz contra as salmonelas estudadas, sendo a 
salmonelose uma das grandes preocupações da avicultura brasileira, já que a 








This study was conducted to evaluate the efficacy of a Lincomycin formulation 
against microorganisms that cause disease in poultry, after its oral administration 
(water and feed). Individuals received 10 mg of lincomycin per kg of body weight, per 
day, for 7 consecutive days. Tissue samples (large and small intestines) were 
obtained over time, to evaluate tissue pharmacokinetics behavior. Additionally, 
lincomycin minimal inhibitory concentration (MIC) was identified through the multiple 
dilution method and turbidimetry evaluation. A highly efficient liquid chromatography 
analytical method was developed and validated, associated with mass spectrometry 
(LC-MS/MS) to quantify lincomycin residue in target tissues, and was compliant with 
the adopted validation guideline (VICH TOPIC GL 49, 2011). The analytical method 
was sensitive (LOQ = 125 µg/kg) and robust, allowing the lincomycin quantification 
with the required precision and accuracy. The MIC result in this study, applied with 
main poultry pathogenic strains, showed values between 1 and 256 µg/mL. Higher 
lincomycin absorption was observed in the large intestine. This occurs similarly when 
comparing lincomycin concentrations supplied through water and feed and analyzed 
in both large and small intestines. Efficacy included a greater number of pathogens 
(Clostridium perfringens, Escherichia coli, Pasteurella multocida, Pseudomonas 
aeruginosa, Salmonella Enteritidis and Salmonella Typhimurium) in the large 
intestine compared to the small intestine, and also a greater number of pathogens in 
water administration when compared to feed. Lincomycin is classified as a time-
dependent antimicrobial. Therefore, the formulation analyzed in this study was 
considered effective because the duration of time in which the tissue concentration of 
the main active remained above the MIC for bacteria of interest was at least 60% of 
the total exposure time, according to the recommendations from the Brazilian health 
authorities (Ministry of Agriculture, Livestock and Food Supply – MAPA). Water 
administration of this new formulation was effective against the studied Salmonella, 
and salmonellosis is one of the major concerns of the Brazilian poultry industry, as it 
causes relevant economical losses and presents risks to human health. 
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O crescimento da população mundial com consequente aumento no 
consumo de alimentos é uma preocupação constante em duas frentes da segurança 
alimentar, o acesso ao alimento e a qualidade do produto ofertado, segundo 
publicado pela Food and Agriculture Organization of the United Nations (FAO, 2019). 
A produção de carne de aves aumentou de 9 para 122 milhões de 
toneladas entre 1961 e 2017, para acompanhar a crescente demanda mundial 
(BRASIL DE FATO, 2020). O Brasil acompanha esse movimento e hoje é o maior 
exportador mundial de carne de frango. Segundo o Instituto Brasileiro de Geografia e 
Estatística IBGE (2019), o abate de frangos subiu 3,6% no segundo semestre de 
2019 comparando com o mesmo período do ano anterior. 
Para 2020, a projeção da produção brasileira de carne de frango deve 
crescer 2,5% chegando a 13,975 milhões de toneladas.  Esse aumento se deve 
principalmente à crescente demanda global por este tipo de alimento, especialmente 
da China, e aumento da demanda doméstica (AVICULTURA INDUSTRIAL, 2019). 
Carne de frango e ovos fornecem proteínas, vitaminas e minerais com custo 
comparativamente baixo comparado com outras fontes de proteína animal, já que 
para cada quilo de frango são necessários apenas 1.7 quilos de alimento. A carne 
de frango (peito) é reconhecidamente mais saudável por apresentar apenas 3 g de 
gordura para cada 100 g de produto e, além disso, possui menor quantidade 
proporcional de gorduras saturadas quando comparada com carne bovina (FEED & 
FOOD, 2020). 
No Brasil houve aumento superior a 3.000% na produção de carne de 
frango no período compreendido entre 1975 e 2016. Esse ganho de produtividade 
pode ser parcialmente atribuído ao número de pintos de corte que aumentou 
aproximadamente em 500%.  Entretanto, o aumento do peso do animal no momento 
do abate foi de 62% e redução de 30% no tempo de criação, durante o mesmo 
período (AVISITE, 2018). Parte desse resultado deve-se ao desenvolvimento e 
utilização de novos produtos veterinários como fatores de preservação da saúde 
animal. O tratamento preventivo de aves de granjas com antibióticos pode impedir 





Contudo, esse procedimento é regulado por leis e a eliminação de resíduos desses 
medicamentos no produto acabado deve ser observado.  
Vários métodos podem ser utilizados para análise de resíduos de um 
fármaco em tecidos comestíveis de animais. Para a quantificação de lincomicina 
nesses tecidos, o método analítico utilizado no presente estudo foi a cromatografia 
líquida, utilizando-se detector de massas com ionização por electrospray em modo 
positivo (LC-ESI-MS/MS). Porém, outros métodos validados, rápidos e sensíveis 
podem ser encontrados em literatura, como o método analítico multidimensional 
usando cromatografia gasosa-detecção de nitrogênio-fósforo (GC-NPD) e 
cromatografia gasosa-espectrometria de massa (GC-MS) com resultados de 
quantificação do fármaco bem baixos (TAO et al., 2011). Um outro estudo com 
desenvolvimento de ensaio utilizando-se heterólogo imunoenzimático para detecção 
de resíduos de clindamicina e lincomicina em tecidos animais foi realizado, em que 
antígenos artificiais de clindamicina foram preparados e usados para produzir 
anticorpos monoclonais de ampla especificidade. Com base nos anticorpos 
monoclonais produzidos, foi desenvolvido um heterólogo (ELISA) para detecção de 
resíduos de clindamicina e lincomicina em tecidos comestíveis com limites de 
quantificação também baixos (HE et al., 2017). Foi desenvolvido e validado um 
método analítico para quantificar resíduos de lincosamida (lincomicina e 
clindamicina) em amostras de tecidos de aves por cromatografia eletrocinética 
capilar micelar combinada com detecção UV. Os resultados obtidos confirmaram que 
o método proposto é capaz de identificar e quantificar resíduos de lincosamida em 
tecidos animais muito abaixo dos valores de limites máximos de resíduos 
(KOWALSKI, 2014). 
O uso dos antibióticos na avicultura com função terapêutica é uma ótima 
alternativa no tratamento de infecções bacterianas, desde que considerados os 
princípios do uso racional, com base num diagnóstico clínico preciso e respeitando-
se as dosagens e carências ao abate animal, registrados nas rotulagens dos 
medicamentos. Sua administração em aves, em geral, é de forma coletiva, embora 
possa ser realizada de forma individual e preferencialmente via água, além da via 
ração. A lincomicina em medicina veterinária pode ser usada em preparações 





espectinomicina, sulfadimidina e gentamicina (EMEA, 1998). A indústria avícola tem 
utilizado a lincomicina por ser muito eficiente no tratamento das principais doenças 
que acometem frangos de corte, como a enterite necrótica causada pelo Clostridium 
perfringens e a salmonelose causada por cepas sensíveis a este princípio ativo, 
como a Salmonela Typhimurium e a Salmonela Enteritidis, este um dos principais 
sorotipos responsáveis pelas contaminações humanas. Um micro-organismo é 
considerado sensível a um antimicrobiano quando ele é inibido por uma 
concentração igual ou menor que aquela do ponto de corte (breakpoint) definido 
para este antimicrobiano em cepas padrões do mesmo gênero e espécie 
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1. Objetivo Geral 
Avaliar a eficácia de um novo medicamento, à base de lincomicina, para 
ser utilizado na criação de frangos de corte com administração por via oral (através 
da água e da ração), contra patógenos bacterianos. 
 
2. Objetivos específicos 
    2.1. Desenvolver e validar método analítico para a quantificação de 
resíduos de lincomicina no intestino (delgado e grosso) de frangos. 
2.2. Avaliar a eficácia tecidual de uma nova formulação veterinária a 
base de lincomicina, contra as principais cepas bacterianas patogênicas de micro-
























































1. BRASIL COMO PRODUTOR MUNDIAL DE CARNE DE FRANGO 
1.1. Cenário atual da avicultura 
Em 2019 o Brasil foi o segundo maior produtor mundial de carne de 
frango (figura 1), com 13.800 milhões de toneladas, e aumento de 3% em relação ao 
ano anterior (AVISITE, 2019). Para 2020 a expectativa é que a produção alcance 
patamares 3 a 4% maiores. Com 32% dessa produção destinados à exportação, o 
país chegou ao posto de maior exportador mundial de carne de frango (ABPA, 
2020). Um dos fatores importantes para suportar esse importante aumento da 
produção foi a ampliação de mais de 70% na produção de milho entre 2010 e 2019. 
(CONAB, 2020). 
 
       Figura 1. Evolução da produção mundial da carne de frango.  
       Fonte: Adaptado de AVISITE, 2019. 
 
Houve uma tendência de alta na exportação de carne de frango nos 
últimos dez anos, sendo que de 2018 para 2019 o crescimento na exportação foi de 
2,9%, enquanto as receitas obtidas aumentaram em 6,4% no mesmo período e 





no período compreendido entre 2009 e o primeiro semestre de 2020 estão 
expressos na figura 2 e mostra a tendência de crescimento (MDIC, 2020). 
Nas projeções do USDA (Departamento de Agricultura dos Estados 
Unidos), o Brasil tende a aumentar suas exportações em mais de 5% (AVISITE, 
2019). Atualmente a participação brasileira nas exportações de carne de frango é de 
aproximadamente 30%, de acordo com a FAO. Esse aumento (200 mil toneladas a 
mais), cobre quase exatamente a redução apontada para a União Europeia (198 mil 
toneladas a menos) (AVISITE, 2019). 
 
 
           Figura 2. Comportamento da exportação de carnes de aves de 2009 a 2019.  
           Fonte: MDIC - COMEX STAT/COMEX VIS (2020).  
 
Os resultados da distribuição histórica das exportações brasileiras foram 
utilizados para elaborar uma previsão do volume de exportação a cada mês para o 






Figura 3 – Previsão de embarque de carne de frango em 2020. 
Fonte: AVISITE, 2019.  
 
Além do crescimento absoluto previsto, em toneladas, o Brasil deverá 
ampliar sua participação como fornecedor de carne de frango para o mercado 
mundial (AVICULTURA INDUSTRIAL, 2019). Embora o crescimento na exportação 
de outros países, como Tailândia, seja mais significativo do que o apresentado pelo 
Brasil, a hegemonia como principal fornecedor de carne de frango não será abalada 
(AVICULTURA INDUSTRIAL, 2020). Na tabela 1 está a tendência dos principais 









Tabela 1 – Tendência do comportamento dos principais países 
exportadores de carne de frango.  
TENDÊNCIA DOS PRINCIPAIS EXPORTADORES ATÉ 2028 
 (mil toneladas) 
País exportador 2018 2028 Variação (%) 
Brasil 3.783 5.882 55,49 
EUA 3.427 3.814 1,20 
União Europeia 1.983 2.126 7,21 
Tailândia 851 1.354 59.11 
China 460 561 21,96 
Fonte – adaptado de ASGAV, 2019. 
 
O aumento nas exportações visto no quadro 1 é acompanhado pelo 
mesmo aumento percentual na produção. Isso representa que o Brasil tende a 
aumentar sua produção em 33,4% até 2027, segundo dados publicados no AVISITE  
2018 (figura 4).  
 
Figura 4. Evolução da produção brasileira de carne de frango de 2017 a 
2027.  
Fonte: AVISITE, 2018. 
 
A previsão para a avicultura brasileira se torna ainda mais otimista devido 





assolando os rebanhos asiáticos. Estima-se que a quebra na produção de carne 
suína chinesa, maior produtor mundial, chegue a 40%. Dados do Rabobank 2019 
publicados pela Revista Avicultura Industrial, aponta um aumento considerável na 
demanda chinesa pela carne de frango. Frente a esse cenário, a carne de frango 
deve passar a ser a mais consumida no mundo, conforme previsão do Conselho 
Internacional de Avicultura, após um balanço das perspectivas globais de proteína 
(AVICULTURA INDUSTRIAL, 2019). 
 
2. SEGURANÇA ALIMENTAR 
O acesso a quantidades adequadas de alimentos, assim como sua 
qualidade, são fatores fundamentais para o bem estar de cada indivíduo. Alimentos 
contaminados com micro-organismos ou agentes químicos estão associados a 
diversas patologias. Cerca de 600 milhões de pessoas apresentam, anualmente, 
algum tipo de doença relacionada à alimentação (OPAS, 2019).  
As infecções mais comuns são salmonelose, colibacilose, 
campilobacilose, entre outras. A prevalência de frangos infectados com algum tipo 
de bactéria é estimada em até 95% nos Estados Unidos e na Europa. Essa elevada 
incidência é responsável por prejuízos de aproximadamente 10 bilhões de dólares 
por ano apenas nos Estados Unidos. As infecções causadas por esses patógenos 
(Salmonella sp., E. coli e Campylobacter spp.) através de derivados de frangos, 
também são de interesse da saúde pública (WERNICK et al., 2017). 
Dono de campos extensos de grãos, com terras férteis e um clima 
altamente favorável, o Brasil assumiu para si a responsabilidade como parceiro na 
segurança alimentar de diversos países pelo mundo. A indústria brasileira de carne 
de aves está concentrada nas regiões Sul, Sudeste e Centro-Oeste do país, longe 
do bioma amazônico – o mais rico e importante bioma – e os produtores adotam 
práticas para controlar o impacto de suas atividades ao meio ambiente (ABPA, 
2019). Com a elevada capacidade de suprir alimento para a produção avícola, a 
participação da carne de frango no cardápio básico do cidadão brasileiro tem sido 







Figura 5: Comparação quanto à evolução do consumo de carnes no Brasil. 
Fonte: FARMNEWS, 2017 (adaptado de dados do USDA).  
 
Com o custo final mais baixo e com melhorias implementadas na 
produção, a maior parte da carne de frango brasileiro vem sendo direcionada para o 
consumo do mercado interno (figura 6). 
 
Figura 6. Destino da produção de frango brasileiro em 2019.  






O papel do controle sanitário é fundamental para ganhos nos índices 
produtivos da cadeia dos animais de produção, como é o caso da avicultura. Os 
antimicrobianos, com uso racional, dentro da dose correta, respeitando-se o período 
de carência registrado em rótulo, são uma ferramenta para a manutenção da saúde 
dos rebanhos e da sua produtividade. 
Todo o processo de produção, incluindo transporte e armazenamento de 
alimentos, utilização adequada do meio ambiente e de defensivos agrícolas, são 
parte importante dos protocolos de segurança alimentar e cada um dos itens listados 
está continuamente em processo de melhoria para aumentar a produtividade e 
qualidade do alimento para consumidor final. 
 
3. USO RACIONAL DE ANTIMICROBIANOS EM MEDICINA 
VETERINÁRIA  
Produtos veterinários são considerados de importância estratégica para 
dar suporte ao crescimento populacional e a necessidade proporcionalmente maior 
de alimentos (CRAWFORD,1985). Há décadas uma grande variedade de 
antibióticos contribui para o controle de doenças infecciosas tanto na prevenção 
quanto no tratamento dos animais (FORMAN e BURCH,1947). Resíduos 
encontrados em alimentos podem causar alergia, câncer, resistência aos antibióticos 
e outros problemas para a saúde (BEYENE e TESEGA, 2014; CHANG et al.,2015). 
Medicamentos veterinários são usualmente retirados antes do abate dos animais 
para reduzir a chance da presença de resíduos contaminando os alimentos, 
respeitando seu período de carência, indicado em bula, fruto de estudos de 
depleção de resíduos. Os períodos necessários para assegurar a total ausência de 
resíduos são definidos de acordo com cada fármaco e espécie animal tratada. 
Órgãos reguladores, como o Ministério da Agricultura, Pecuária e Abastecimento 
(MAPA), assim como a Agência Nacional de Vigilância Sanitária (ANVISA) do 
Ministério da Saúde (MS) são os responsáveis por estabelecer os valores de Limites 
Máximos Residuais (LMRs) permitidos para cada tipo de insumo farmacêutico frente 





De acordo com o MAPA (2018), a resistência aos antimicrobianos é um 
dos maiores desafios para a saúde pública, com importante impacto na saúde 
humana e animal. Apesar de o fenômeno ocorrer naturalmente nos microrganismos, 
o uso indevido dos antimicrobianos tem colaborado para o agravamento dos fatos. 
Para controle e prevenção da resistência antimicrobiana, uma ação mundial de uso 
racional de antimicrobianos, produzida pela Organização Mundial da Saúde Animal 
(OIE), em conjunto com a saúde humana e veterinária está sendo divulgada no 
Brasil, respeitando-se o conceito de Saúde Única. São divulgadas ações 
direcionadas a médicos veterinários citando o uso responsável dos antimicrobianos, 
quando e como devem ser usados, a escolha adequada do uso, prescrições corretas 
e registro de dados (MINISTÉRIO DA SAÚDE, 2018). 
O uso racional de medicamentos em medicina veterinária tem inúmeros 
benefícios, como: aumentar a eficácia, diminuir os potenciais efeitos adversos aos 
animais, reduzir o risco da presença de resíduos do fármaco, assim como o combate 
contra o desenvolvimento de resistência aos fármacos pelos micro-organismos 
(RIBEIRO, 2018).  
A prescrição de forma excessiva ou inadequada de um antimicrobiano 
pode levar ao surgimento de bactérias resistentes que não respondam ao 
tratamento. A resistência antimicrobiana representa uma ameaça ao controle de 
doenças em todo o mundo. Quando as bactérias são resistentes, o antimicrobiano é 
ineficaz e não pode mais tratar a doença. Bactérias resistentes podem circular entre 
humanos, animais e o meio ambiente e não respeitam fronteiras. A resistência 
bacteriana é uma preocupação global que representa ameaça para a saúde e bem 
estar dos humanos, dos animais e para a segurança alimentar. Assim, o médico 
veterinário tem papel crucial na luta contra a resistência bacteriana aos 
antimicrobianos, fazendo a prescrição racional dos medicamentos para uso em 
animais, assim como orientando o produtor na implementação das boas práticas 
veterinárias. Desta forma, os estudos de eficácia, para predição da dose correta de 
cada medicamento veterinário frente aos patógenos que acometem a saúde dos 
animais de produção, são também ferramentas importantes para contribuir nesta 





Ao encontro desta abordagem, o MAPA estabelece através da Instrução 
Normativa IN 26 de 09/07/09 (MAPA, 2009) as normas complementares para a 
fabricação, o controle de qualidade, a comercialização e o emprego dos produtos 
antimicrobianos de uso veterinário produzidos no país e importados, utilizados em 
espécies animais terrestres e aquáticas, incluindo antissépticos, a fim de garantir um 
nível adequado de proteção aos animais, à saúde humana e ao meio ambiente.  
 
4. LINCOMICINA  
O termo lincomicina refere-se a Lincoln, Nebraska (EUA), onde o 
antibiótico foi inicialmente isolado de cepas de Streptomyces lincolnensis 
encontradas no solo obtido naquela cidade norte-americana. As lincosamidas 
constituem um grupo relativamente pequeno de antibióticos com estrutura química 
constituído de aminoácidos e açucares. Lincomicina possui ocorrência natural e 
apresenta diversos derivados semissintéticos. Desses, apenas a clindamicina, um 
derivado clorado, apresenta elevada atividade biológica. As lincosamidas são 
naturalmente produzidas por várias espécies de actinomicetos e possuem grande 
atividade contra bactérias anaeróbicas e alguns protozoários (SPÍZEK, J; REZANKA. 
T; NOVOTNÁ. J., 2004). 
Cloridrato de lincomicina possui a fórmula C18H35ClN2O6S e peso 
molecular de 443g∕mol. Consiste em um aminoácido ligado a um açúcar por ligação 
peptídica, conforme figura 7.  
 
Figura 7. Estrutura da lincomicina  





Mecanismo de ação: A lincomicina liga-se à subunidade 50S dos 
ribossomos bacterianos e inibe a síntese de proteínas. Com isso, resulta na inibição 
do crescimento bacteriano e, eventualmente, sua morte. Seu efeito pode ser 
bacteriostático ou bactericida, dependendo da susceptibilidade bacteriana e da 
concentração do antibiótico. Seu espectro de ação é semelhante ao dos 
macrolídeos. Bactérias resistentes aos macrolídeos normalmente demonstram 
resistência cruzada às lincosamidas. Macrolídeos e lincosamidas (lincomicina e 
clindamicina) não devem ser usados ao mesmo tempo, pois podem provocar uma 
redução na eficácia contra o patógeno (BURROWS, 1980).  
Mecanismo de resistência: assim como para os macrolídeos, a resistência 
das bactérias à lincomicina se dá de 3 maneiras: por meio da modificação do local-
alvo por metilação ou mutação que impede a ligação do antibiótico ao seu alvo 
ribossômico, por meio do efluxo do antibiótico e pela inativação do fármaco. Porém, 
em bactérias patogênicas, a forma da modificação do alvo ribossomal causa 
resistência de amplo espectro, enquanto as demais formas de resistência afetam 
alguns desses antibióticos (LECLERCQ, R. 2002) 
A lincomicina está disponível para administração oral (premix) para suínos 
e frangos e em pó solúvel para ser adicionado à água. Cápsulas, xaropes e 
comprimidos são utilizados para tratamento de cães e gatos (THE UNITED STATES 
PHARMACOPOEIAL CONVENTION, 2008). 
Após a administração oral, a lincomicina é rapidamente absorvida, 
embora apenas cerca de 50% sejam absorvidos (HORNISH et al., 1987). O pico de 
concentração (Cmax) ocorre na primeira hora para a maioria dos animais. Sua 
distribuição é ampla, com maiores concentrações encontradas nos rins e no fígado 
(BURROWS, 1980; KLECKNER, 1984). O tempo de meia vida independe da via de 
administração e varia entre 2 e 4 horas. A excreção se dá principalmente através 
das fezes e da urina (KLECKNER, 1984).  
 
5. ASPECTOS REGULATÓRIOS 
Todo medicamento veterinário, em especial os antimicrobianos, passam 





comercialização. Essas normas vêm desde os órgãos reconhecidos 
internacionalmente, até aqueles com abrangência nacional. O Codex Alimentarius é 
uma normatização de alimentos estabelecida pela ONU (Organização das Nações 
Unidas) através da FAO (Organização das Nações Unidas para Agricultura e 
Alimentação) e OMS (Organização Mundial da Saúde), criado em 1963, com a 
finalidade de proteger a saúde dos consumidores e assegurar práticas equitativas no 
comércio regional e internacional de alimentos (MARTINELLI, 2004). Existem 
comitês internacionais de especialistas ligados ao CODEX para análises de dados 
técnicos, como é o caso do JECFA (Joint FAO/WHO Expert Committee on Food 
Additives) e nele são instituídas informações relevantes para a aceitação de um 
registro veterinário no Brasil como a avaliação do risco de aditivos, contaminantes e 
resíduos de medicamentos veterinários (MARTINELLI, 2004). Recomenda-se a IDA 
(Ingestão Diária Aceitável) e o LMR que uma determinada molécula pode conter no 
alimento para garantir a segurança alimentar. O Brasil é signatário do Codex 
Alimentarius, e os órgãos regulatórios aprovam os registros de antimicrobianos 
utilizados em animais de produção com base nas suas recomendações. No caso da 
lincomicina, os LMRs recomendados pelo JECFA e aceitos pelo CODEX para aves 
estão apresentados na tabela 2.  
 
 Tabela 2.  Limites máximos de resíduos (LMRs) de medicamentos 
veterinários em alimentos de origem animal de acordo com o Codex Alimentarius. 









Fonte: Adaptado ANVISA (2019).  
 
Com relação a IDA, o JECFA poderia ter estabelecido uma IDA de 300 µg 
/kg de peso corporal com base no NOEL (No Observed Effect Level) de 30 mg/kg de 





No entanto, observou-se que a lincomicina pertence a um grupo de lincosamidas 
que são ativas contra bactérias Gram-positivas e que a flora gastrointestinal humana 
é sensível a doses terapêuticas desse grupo de compostos. Como este é o ponto 
crítico mais sensível, o JECFA estabeleceu uma IDA para a lincomicina de 0 a 30 
µg/kg de peso corporal com base no NOEL de 2,5 mg/kg de peso corporal/dia 
(arredondado para um número significativo) para os efeitos da clindamicina (que 
também é uma lincosamida) na microflora gastrointestinal e um fator de segurança 
de 100 (JECFA, 2004). 
Outra importante agência regulatória reconhecida no Brasil é a Agência 
Europeia de Medicamentos (EMA), um organismo descentralizado da União 
Europeia, criado em 1995. Tem total responsabilidade de monitoramento científico, 
avaliação, supervisão e segurança relativa a toda e qualquer substância e 
medicamento desenvolvido por laboratórios farmacêuticos para uso na região 
Europeia.  Visa informar a Comissão Europeia do momento em que os 
medicamentos, para uso humano e veterinário, estão prontos para serem 
introduzidos no mercado, controlando aspectos como efeitos secundários 
indesejáveis, além da formulação de pareceres e patentes científicos (EMA, 2020). 
No caso da lincomicina a ANVISA adota as recomendações do Codex 
Alimentarius, como valor da IDA e valores de LMR, os quais seguem estabelecidos 
na Instrução Normativa n°. 51 publicada em 19 de dezembro de 2019 (ANVISA, 
2019). Ela estabelece a IDA, os valores de LMR e a dose de referência aguda 
(DRfA) para insumos farmacêuticos ativos (IFA) de medicamentos veterinários em 
alimentos de origem animal. Os valores da lincomicina para frangos de corte 








Tabela 3. Ingestão diária aceitável (IDA) e Limites Máximos Residuais 
(LMR) para a lincomicina, de acordo com a Agência Nacional de Vigilância Sanitária 
(ANVISA).  
Princípio Ativo Espécie 
IDA  















Fonte: adaptado ANVISA (2019).   
O MAPA é o principal órgão nacional regulador de produtos veterinários, e 
segue os LMRs que a ANVISA determina. Devido a crescente preocupação com a 
resistência antimicrobiana, o MAPA está buscando estratégias para reverter o 
quadro. No dia 13 de janeiro de 2020, foi publicado pelo MAPA (MAPA, 2020) a 
Instrução Normativa N°. 1 proibindo então o uso desses antimicrobianos como 
melhoradores de desempenho, reforçando o conceito de Saúde Única (One Health). 
De Acordo com KING et al. (2008) o conceito de Saúde Única é o esforço 
colaborativo de várias disciplinas - trabalhando localmente, nacionalmente e 
globalmente para atingir a saúde ideal para pessoas, animais e nosso meio 
ambiente. 
 
6. ASPECTOS ANALÍTICOS DA LINCOMICINA 
Estudos recentes têm utilizado métodos cromatográficos para determinar 
resíduos de medicamentos de importância em medicina veterinária. Frente à essa 
necessidade, a importância de quantificar teores de lincomicina em tecidos de 
frangos de corte, é necessário para o desenvolvimento e validação de métodos 
sensíveis e específicos. Existem várias metodologias que podem ser empregadas 
para este caso, como a cromatografia gasosa (gas chromatography, GC) que, 
apesar do alto poder de resolução, não é a técnica mais utilizada, pois a maioria dos 





o que dificulta a volatilização (DI CORCIA e NAZZARI, 2002; KAUFMANN et al, 
2008). 
A técnica de detecção e quantificação mais utilizada na análise de 
resíduos de medicamentos veterinários é a cromatografia líquida acoplada à 
espectrometria de massas (LC MS/MS), com limites de quantificação (LOQ) na 
ordem de ng/mL (ou ng/g) para a maioria dos compostos (SILVA, 2013). Esta é uma 
técnica muito mais seletiva do que a cromatografia líquida (LC) com utilização de 
detectores convencionais como ultravioleta (UV) e fluorescência, pois estes não são 
capazes de identificar algumas classes de antibióticos (COELHO, 2014).  
Outro fator importante a considerar é a fonte de ionização do 
espectrômetro de massas que será utilizado. A ionização por ESI (Eletrospray 
Ionization) e a ionização química a pressão atmosférica APCI (Atmospheric Pressure 
Chemical Ionization) são utilizadas na análise de amostras de alimentos por LC-
MS/MS (DI CORCIA e NAZZARI, 2002; NUNÉZ, MOYANO e GALCERAN, 2005). De 
acordo com Núnez et al. (2005), a fonte de ionização mais indicada para compostos 
polares e de maior massa molecular, situações que ocorrem com a maioria dos 
antibióticos, é a ESI.  
O modo de aquisição de espectros também é muito utilizado na 
determinação de resíduos de antibióticos em matrizes biológicas animal. Através de 
espectros pelo monitoramento de reação selecionada (SRM) um ou mais íons 
produtos são originados a partir de íons precursores selecionados em um estágio 
prévio de MS (VESSECCHI et al., 2011). Contudo, a LC-ESI-MS/MS com modo de 
aquisição de espectros por SRM é a técnica mais empregada na quantificação de 
resíduos de antibióticos em alimentos de origem animal (COELHO, 2014). 
A etapa de preparo da amostra (extração, limpeza e concentração do 
extrato) na determinação da lincomicina, influenciam na confiabilidade e exatidão da 
análise. Muitas técnicas de preparo de amostra são aplicadas a diferentes matrizes 
de origem animal buscando superar suas diferenças. Dentre elas estão a extração 
líquido-líquido e sólido-líquido, extração em fase sólida e microextrações. Algumas 
técnicas automatizadas com a utilização de ultrassom, micro-ondas, fluido 





sendo aplicado com sucesso é o método QuEChERS (Quick, Easy, Cheap, 
Effective, Ruged and Safe) que tem os mesmos princípios básicos da extração com 
solvente, seguido de separação de fases, adição de sais, secagem e limpeza do 
extrato utilizando extração em fase sólida dispersiva (D-SPE) (BANDEIRA, 2015). A 
escolha do método vai depender das características da matriz biológica e do analito 
a ser extraído.    
A separação cromatográfica é uma técnica física onde os componentes a 
serem separados são seletivamente distribuídos em duas fases imiscíveis: a fase 
móvel que flui através de um leito e a fase estacionária. O processo ocorre como 
resultado de várias etapas de adsorção/dessorção que acontecem durante o 
movimento dos analitos ao longo da fase estacionária. A separação deve-se às 
diferenças nos coeficientes de distribuição dos analitos presente na amostra entre as 
fases móvel e estacionária (NIESSEN, 2006).   
Na cromatografia líquida de alta eficiência é possível obter a separação 
de misturas complexas, com boa estabilidade, rápida resposta, alta confiabilidade, 
alto poder de resolução, separação rápida de misturas, monitoramento contínuo do 
eluente, acuradas medidas quantitativas, repetibilidade e reprodutibilidade da análise 
com a mesma coluna e a automação do procedimento analítico e manuseio dos 
dados (MENDHAM et al., 2002; HOLLER et al., 2009). A amostra é injetada por meio 
de uma porta de injeção na fase móvel que é transportada através da coluna – fase 
estacionária – por meio de um sistema de bombas de alta pressão, onde a 
separação ocorre. A separação é monitorada com um detector de fluxo contínuo 
(NIESSEM, 2006). Uma separação com um único solvente de composição constante 
é chama de eluição isocrática e quando são usados dois ou três sistemas de 
solventes que diferem entre si em polaridade é chamada de eluição gradiente 
(HOLLER et al, 2009). 
 
7. CONSIDERAÇÕES FINAIS 
A produção de carne de frango no mundo segue com tendência de 
crescimento e o Brasil deverá seguir esta tendência participando como um dos mais 





mas também pelo elevado consumo na China. A carne de frango passará a ser 
mundialmente a mais consumida. 
Os cuidados com a segurança alimentar é uma preocupação crescente 
entre os consumidores. Portanto, o controle sanitário é fundamental para a 
manutenção dos ganhos nos índices produtivos e qualidade dos alimentos. Os 
antimicrobianos têm papel de grande importância para a sanidade animal, desde 
que respeitados o seu uso racional para evitar a resistência bacteriana. Estudos de 
eficácia são ferramentas que auxiliam na contribuição desta campanha internacional. 
A lincomicina é um antibiótico que tem rápida absorção e ampla 
distribuição nos tecidos das aves quando administrada por via oral, sendo uma 
medicação eficaz para o tratamento das principais doenças que acometem os 
frangos de corte para a manutenção do status sanitário dos animais e garantir sua 
produtividade. 
Órgãos regulatórios nacionais e internacionais vêm realizando esforços 
através de legislações para estabelecer os valores de LMR de antibióticos, como a 
lincomicina, nos tecidos comestíveis animais, assim como o seu correto uso em 
medicina veterinária, contribuindo com toda a cadeia. 
Métodos analíticos vem sendo estudados para a verificação segura 
desses Limites Máximos Residuais nas matrizes biológicas das aves, sendo 
atualmente a cromatografia líquida acoplada à espectrometria de massas (LC-ESI-
MS/MS) a técnica mais empregada para detecção e quantificação dos antibióticos 
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An analytical method was developed for determining lincomycin in broilers intestines, 
and the same method was validated in the small intestine and large intestine using 
liquid chromatography with tandem mass detector (LC-MS/MS). The analyte 
extraction from the samples was performed with methanol. Chromatographic 
separation was performed in Phenomenex column, Kinetex EVO C18 model (5 μm x 
2.1 mm x 50 mm), using as mobile phase A, ultrapure water with heptafluorobutyric 
acid (HFBA) and as mobile phase B, HPLC-grade acetonitrile with heptafluorobutyric 
acid (HFBA). For the analyte detection and quantification, a positive electrospray 
ionization (POS-ESI) was used, with the mass detector operating in Scheduled 
Multiple Reaction Monitoring (SMRM). During the validation process, the merit figure 
tests compatible with the protocols for the analytical method validation were 
performed. The quantification was performed through external standardization with 
analytical curves constructed in the blank matrix (fortification before extraction). 
Extraction quality controls (QCEx) and equipment quality controls (CQEq) were used.   
The analytical method developed and validated was satisfactory for the intended 
purpose, that is quantification of lincomycin residues in both the small and large 
intestines of broilers.  
 
















Lincomycin is an antibiotic belonging to the lincosamides class and acts 
mainly against gram-positive bacteria, inhibiting the protein synthesis of the 
pathogen´s RNA, and acting in the 50S subunit of the ribosome.  It is indicated to 
treat poultry enteric infections and respiratory diseases (EMEA, 1998). 
Analytical methods have become an important tool to advance the 
knowledge of processes related to the drug’s efficacy. The antibiotics plasmatic and 
tissue levels determination has evolved in terms of sensitivity and speed. Studies 
demonstrating lincomycin metabolism in several animals have been published for 
decades. Many methods are available for antibiotic determination in animal edible 
tissues, which often use high-precision liquid chromatography (HPLC) with detectors 
such as UV (ultraviolet), fluorescence and mass spectrometry (FERRARI et al., 
2015). Methods for lincomycin quantification using radiomarked substances with thin 
layer chromatography and autoradiogram analysis, are complex processes for 
biological matrix extraction, especially in tissues (HORNISH et al., 1987). In order to 
monitor the antibiotics usage throughout the animal´s life, a model was proposed to 
evaluate the drugs concentration in broilers feathers. For this purpose, a specific 
method was developed and validated using liquid chromatography combined with 
mass spectrometry for several antibiotics commonly used in poultry farms (JANSEN 
et al., 2017).  
The data obtained in broilers feathers were compared with those found in 
the muscle and in the liver, showing that even in the absence of antibiotic in both 
organs´ tissues, after treatment removal, drug residues were found in the feathers 
when the samples were extracted and dosed by HPL - HRMS (CHIESA et al., 2018).  
Lincomycin was also analyzed by Pokranta et al. (2019) in broilers 
feathers, muscle, and liver tissues, through liquid chromatography and extraction with 
methanol columns. The authors concluded that the analytical method adopted can 
determine residue concentrations in the broilers´ evaluated tissues. Kowalski et al., 
(2014) mentions the successful development and validation of a method to quantify 
lincomycin residues in poultry tissue samples by micellar capillary electrokinetic 
chromatography combined with UV (ultraviolet) detection. The cleaning procedure 






Different sample preparation techniques are applied to animal matrices, 
such as liquid-liquid and solid-liquid extraction, solid phase extraction and micro 
extractions. Some techniques use ultrasound, microwave, supercritical fluid and 
pressurized solvent. The QuEChERS method (Quick, Easy, Cheap, Effective, 
Rugged and Safe) has been used for these types of tissue matrices and which have 
the same basic extraction and cleaning principles of the extract with solvent 
(BANDEIRA, 2015). 
No regulation was proposed for Residual Maximum Limits in non-edible 
poultry by-products, and also, no reference was found with citation of analytical 
methods developed specifically for broilers intestines. However, the purpose of this 
chapter is to present the analytical method that was developed and validated for the 
lincomycin quantification in broilers small and large intestines. As the LC-MS/MS 
method is the most used for animal health product residue quantification, in edible 
tissues (SILVA, 2014), it has been elected for this study. 
 
2. MATERIALS AND METHODS  
 
2.1. Reagents and analytical standard 
All reagents used were of high purity, as well as the following solvents: 
HPLC-grade acetonitrile, HPLC-grade methanol, heptafluorobutyric acid (HFBA), 
isopropanol, 0.22 μm PVDF filter, 15.0 mL polypropylene tubes and ultrapure water. 
The lincomycin analytical standard (Chemical abstract number 7179-49-9), purity 
100.3%, was acquired from Sigma-Aldrich (St. Louis, MO, USA).  
 
2.2. Equipment used 
The following equipment were used: tube stirrer, mechanical stirrer, 
analytical scale, semi-analytical scale, centrifuge, Shimadzu liquid chromatograph 
(HPLC prominence), and mass spectrometer (AB Sciex - API 3200).  
 
2.3. Solutions preparation and analytical curves. 
Stock and intermediate solutions of the lincomycin analytical standard 





maintained for a maximum period of 1 month. The intermediate solutions were 
prepared daily through stock solution dilution.  
Analytical curves were established in the matrix. For that, blank samples 
from broilers small and large intestines, were fortified at the following concentrations 
(μg/kg): 125, 250, 400 and 600, and were described as low, medium, medium 
intermediate and high, respectively. 
 
2.4. Sample preparation 
Samples were prepared for each studied matrix, with one preparation for 
small intestine and another for large intestine, from animals treated with lincomycin.  
Before being used for analysis, blank tissue samples (small intestine and large 
intestine) were kept at -20°C. In the sample preparation stage, the intestines, with 
their intestinal contents, were homogenized by using scalpels and workbench 
multiprocessors. Samples of 2.0 g were transferred to 15 mL polypropylene tubes, 
and then, 4 mL of methanol were added, stirred (vortex) and centrifuged (5 minutes 
at 4500 rpm). A 1.0 mL aliquot of the supernatant was filtered in a 0.22 μm PVDF 
filter. Then, for the analyte detection and quantification, extracts were analyzed by 
liquid chromatography with mass spectrometry detection (LC-MS/MS). 
 
2.5. Instrumental and analytical conditions 
The chromatographic separation was performed in Phenomenex column, 
Kinetex EVO C18 model (5 μm x 21 mm x 50 mm) using elution gradient according to 
Table 1. For the mobile phase A preparation, in a 500 mL volumetric flask containing 
400 mL of ultrapure water, heptafluorobutyric acid (HFBA) was added. Then, the 
flask volume was measured with ultrapure water. Subsequently, an aliquot of 25 mL 
of this solution was withdrawn and, to replace it, a 25 mL of mobile phase B was 
added. For the mobile phase B preparation, in a 500 mL volumetric flask, 400 mL of 
HPLC-grade acetonitrile was added as well as 1,30 mL of heptafluorobutyric acid 
(HFBA). Then, the flask volume was measured with HPLC-grade acetonitrile. For the 







Table 1. Elution gradient 







The ionization source used was by electrospray in positive mode (POS-




This is the test that evaluates the cleaning system efficiency of the 
detection and quantification equipment used in the chromatographic stage. This 
checks whether or not interference is being carried from one sample to another. The 
carry-over was analyzed by injecting 3 aliquots of blank solvent and 2 aliquots of 
solutions containing the analyte, which comprise a high concentration solution for 
evaluating the carry-over in the following samples and another low concentration 
solution for intensity comparison with the injected blanks. Chromatographic analyses 
were performed in the following order: 1st injection: blank solvent, 2nd injection: 
lincomycin solution at 1000 μg/kg; 3rd and 4th injection: blank solvent, 5th injection: 
lincomycin solution at 50 μg/kg. The heights (intensities) of the generated 
chromatographic peaks should be compared and the chromatographic bands 
observed in the blank solvents, should not be significant, i.e., the responses of the 
interfering peaks in the retention time of the analyte should be less than 20% of the 
response observed in the low concentration solution, equivalent to the lowest point of 









2.7. Method Validation Parameters 
The following merit figures were evaluated: selectivity, matrix effect, 
linearity, work range, precision, accuracy (through recovery), limit of detection (LOD) 
and quantification (LOQ), both in small and in the large intestine.  
 
2.7.1. Selectivity 
This is the ability of the method to differentiate and quantify the analyte in 
the presence of other substances that may be present in the sample to be analyzed. 
Six samples were analyzed with no presence of the analyte, called blank samples, 
subjected to the extraction conditions. The selectivity was evaluated by comparing 
the chromatograms obtained from the blank sample injections with the 
chromatograms of the fortified samples. In the analyte retention time, no significant 
chromatographic signs that interfere with its response should be observed, i.e., the 
interfering chromatographic signals should not be greater than 20% of the response 
observed in the concentration of the method quantification limit. 
 
2.7.2. Matrix effect 
This is a change in the detector response regarding interfering substances 
present in the biological matrix. This effect is observed due to the presence of 
components in the matrix when competing with the analyte ionization. The matrix 
effect evaluation aims to verify whether or not the matrix can be replaced by solvent. 
Therefore, the matrix effect evaluation was performed by calculating the matrix factor 
(MF), which comprises the ratio of the analytical curves area constructed in the 
matrix and solvent. The MF value should be close to 1.00, with a variation ≤ 15%. 
 
2.7.3. Linearity 
This refers to the ability of the method to predict results proportional to 
various concentrations of the analyte within a given concentration range. For the 
linearity evaluation, 3 analytical curves were prepared and injected in duplicate, in at 
least 6 different concentrations. The analytical curves were established in a blank 
matrix, i.e., initially the blank matrix samples were fortified and, later, the fortified 
samples were subjected to the extraction process.  The matrix-matched analytical 





analytical curves applicability, the Analyst® software was used, where data 
processing and the construction of the individual charts of each curve were 
performed. The linear correlation coefficients (r) should be checked and should be at 
least between 0.98 and the accuracy (CV) of each concentration used, which should 
be at least 75% of the values. Using the point accuracy values of all 6 injections of 
analytical curves (3 curves x 2 replicas) calculations were performed to verify 
homoscedasticity through the Cochran test, and analysis of variance between values, 
through the F test (ANOVA). 
 
2.7.4. Work range 
This is the application range of the analytical method and comprises the 
quantification limit to the highest point of the analytical curve evaluated in the linearity 
test. 
 
2.7.5. Accuracy (intra and inter-days)  
This is the degree of agreement between test results obtained from 
homogeneous test material, provided that the procedures are faithfully replicated in a 
short period (intra-day) or on different days (inter-days). In order to evaluate this merit 
figure, 5 blank samples were fortified at each of the following concentrations: 125 
μg/kg, 250 μg/kg, 400 μg/kg and 600 μg/kg, named low, medium, medium 
intermediate and high, respectively. Subsequently were subjected to the extraction 
process and analyzed. This test was conducted in triplicate.  
 
Table 2. Acceptance criteria for intra-day and inter-day accuracy 
Accuracy (%) 
Concentration Minimum Maximum 
< 1.00 µg/kg 30 45 
≥ 1.00 µg/kg < 10.00 µg/kg 25 32 
≥ 10.00 µg/kg < 100.00 µg/kg 15 23 









Accuracy represents the degree of agreement between the results 
obtained by the method and the nominal values, accepted as a reference (true value) 
and called recovery. The accuracy of each sample was automatically calculated by 
Analyst®. For each concentration level used, the mean accuracy was also 
calculated, considering random and systematic errors, and replacing the 
experimental concentration in the previous formula with the experimental mean 
concentration. For the evaluation of this merit figure, 5 blank samples were fortified in 
each of the following concentrations: 125 μg/kg, 250 μg/kg, 400 μg/kg and 600 μg/kg, 
named low, medium, medium intermediate and high, respectively. Subsequently 
were subjected to the extraction process and further analyzed. This test was 
conducted 3 times. The accuracy/recovery values obtained in the analyses must be 
compliant with the criteria below: 
 
Table 3: Acceptance criteria for accuracy: 
Accuracy (%) 
Concentration Minimum Maximum 
< 1.00 µg/kg 50 120 
≥ 1.00 µg/kg < 10.00 µg/kg 60 120 
≥ 10.00 µg/kg < 100.00 µg/kg 70 110 
≥ 100.00 µg/kg 80 110 
 
2.7.7. Detection limit 
This is the lowest concentration of the analyte that the method is able to 
differentiate from the equipment´s noise but does not necessarily quantify it. To 
determine the detection limit, point 1 of the matrix analytical curve was used at a 
concentration of 100 μg/kg, and diluted twice. The analytical signal obtained should 
be higher than the noise at the baseline, and the signal/noise ratio should be greater 
than 3. After the concentration was determined, the diluted solution containing the 








2.7.8. Quantification limit (LQ) 
This is the lowest concentration of the analyte used for validation and that 
can be quantified with acceptable accuracy and precision. 
 
2.7.9. Robustness 
The robustness of an analytical method is the measure of its ability to 
resist variations in analytical parameters during routine analysis. In this test, the 
reproduction of the analytical methodology was evaluated using 250 mg of sample, 
instead of 2 g (original methodology). This change was selected given that the 
analyzed matrix was found in a small amount in the studied species. For the analysis, 
5 blank samples were fortified in each of the following concentrations: low and high. 
The results obtained should be compared with the analysis results of the samples 
extracted by the original method. 
 
2.7.10. Post-processing analyte stability 
In the post-processing stability, the fortified samples were kept for 12 
hours on the workbench. Considering the short-term stability, the fortified samples 
that were kept for 4 hours on the workbench before extraction were evaluated. After 
the analyte extraction and the sample freezing and thawing processes, the change in 
the detected concentration is evaluated. Considering the long-term stability, the 
concentration variation in fortified samples was observed for a period of time that 
lasted from the beginning of the study (day 0) and the last chromatographic analysis.  
 
2.7.11. Analyte stability in solution 
This refers to the time when the solutions can be used with no degradation 
of the analyte, considering the appropriate temperature for the solutions storage. To 
evaluate this merit figure, a lincomycin solution at 5,000 μg/kg was prepared. This 
solution was divided into 2 aliquots, one stored in a refrigerator and the other in a 
freezer for 36 days. After this period, injections of these solutions were made 
together with a newly prepared equivalent concentration solution. Dilutions were 
performed in the aliquots of the solutions before injection, in order to avoid saturation 
of the mass detector utilized (10 times dilution). The areas obtained were compared 







3.1. Chromatographic separation 
The variation in the retention time of the analyte was observed when the 
quantified samples were compared with the analytical curve used. The variation has 
not exceeded 5%. 
 
3.2. Lincomycin identification and quantification  
The molecules identification and quantification using MS/MS mass 
spectrometry is sensitive and selective, since the combination of the precursor ion 
mass (MS first dimension) with the generated fragment (MS second dimension) 
provides selective monitoring of the compound to be identified and quantified.  
The identification was performed by the infusion of a lincomycin solution in 
the mass detector at a concentration of 2,500 μg/kg. At this stage of development, a 
total ion scan was performed and the presence of pseudomolecular ion [M+H+] 407 
was observed (Figure 1). After finding the pseudomolecular ion, it was fragmented to 
obtain the mass spectrum, in which the presence of intense fragments referring to 
the molecule breakdown was observed (Figure 2). Lincomycin retention time was 
2.34 minutes; the total analysis time was 3.0 minutes; the detection limit obtained 
was 50.0 μg/kg and the quantification limit was 125.0 μg/kg.  
 
 







Figure 2. Lincomycin masses spectrum 
 
 
For the analyte quantification, the scoring system was used, i.e., at least 4 
points for the analyte confirmation in liquid chromatography systems combined with 
detection by DM/MS. The score given to the precursor ion is 1,0 point; and to the 
product transition ions, or fragments, 1.5 points. Therefore, the ions and transitions 
identification from the lincomycin molecule should reach at least 4.0 points. 
 
3.3. Analytical validation 
Merit figures are parameters that should be evaluated under 
predetermined conditions and procedures. Each merit figure evaluated in this study 
will be described below, including procedures and acceptance criteria. Some merit 
figures such as: precision, accuracy, quantification limit, linearity, and others, aim to 
evaluate the method effectiveness, and therefore must meet the acceptance criteria 
for the method to be considered valid and applicable. However, the merit figures 
such as robustness, matrix effect and stability in the samples are related to the 
treatment that the laboratory should apply with the relevant samples, and this 





treatment. Therefore, the use of a proposed method does not become unviable, but 
rather defines the special care that is required.  
During the validation process, the tests of the merit figures listed in table 4 
were performed, and the summary of the results obtained for the validated analyte 
was presented (table 5). 
 
    Table 4. Tests of the merit figures of the lincomycin method. 
Merit Figures Results 
Identification The ions and transitions identification from the lincomycin 
molecule reached 4.0 points. 
Chromatographic 
separation 
The retention time of the analyte showed a variation lower 
than 5% when compared to the quantified samples with the 
analytical curve used. 
Carry-over There was no carry-over, i.e., no emergence or increase in 
the analyte signal from the carry-over of previously analyzed 
samples was observed. 
Analyte stability in 
solution 
The analyte was stable in solution since CVs ≤ 10% were 
observed among the performed analyses. 
Post-processing stability The analyte was stable after the 51-hour post-processing 
period of the samples. 
Short-term stability 
(sample with no 
processing) 
The analyte remained stable in the 4-hours exposure period 
of the samples to environmental conditions. 
Freezing and thawing 
cycle 
The analyte remained stable after 3 cycles of freezing and 
thawing of the samples. 
Long-term stability The analyte remained stable in the large intestine for 157 















Table 5. Results of the merit figures of the analytical method validation for determining 
lincomycin in the broilers small (ID) and large (IG) intestines. 
Parameters ID IG 
Work range (g/mL) 125 to 750 125 to 750 
Linearity (r) ≥ 0.98 ≥ 0.98 
LOD (µg/kg) 50  50 
LOQ (µg/kg) 125 125 
Matrix effect (%) 9 8 
Intra-day accuracy (CV%)   
   125 4 5 
   250 6 3 
   400 6 2 
   600 7 3 
Inter-day accuracy (CV%)   
   125 7 7 
   250 7 4 
   400 7 5 
   600 8 9 
Accuracy (%) 98.5 99.9 
CV=coefficient of variation; LOD=detection limit; LOQ=quantification limit. 
 
The method proved to be selective, since there were no significant 
chromatographic signs, i.e., the observed peaks showed a signal ≤20% compared to 
the signal obtained at the method Quantification Limit (LOQ) in the analyte retention 
time. A matrix effect was observed, and therefore, curves established in this matrix 
were used throughout the validation. And shall be performed on the intestinal 
samples to avoid compromising the quantification. 
Matrix-matched analytical curves with weight factor of “1/x” were used. 
The range used was linear, since linear correlation coefficients (r) ≥0.98 and CVs 
were obtained according to the acceptance criteria. Homoscedasticity was verified 
through the Cochran test and similarity between the means through the analysis of 





The method was accurate, since the accuracy values obtained were within 
the acceptable ranges for all concentrations. 
The method was robust for the sample mass change. 
Therefore, the method showed to be applicable to the objectives proposed 
for the lincomycin detection and quantification by LC-MS/MS in broilers small and 
large intestines. 
 
4. DISCUSSION  
 
For the method presented here, to achieve the best extraction conditions 
of the analyte in question, a methodology was applied to quantify lincomycin in small 
and large intestines. We used 2g of sample and 4 mL of solvent (methanol) for 
extraction, which characterized a dilution in the 4:2 ratio, and the dilution factor (DF) 
of the method was the ratio of the final volume by the sample mass.  Therefore, for 
this methodology, the dilution factor was 2. If a different amount of sample and/or 
extraction solvent were used, or if the sample were diluted or concentrated after the 
extraction process, this factor would have to be duly recalculated and adjusted.  
Regarding chromatographic separation, in the results obtained, it was 
observed that there was no significant variation in the retention time of the analyte. 
The small variations did not exceed 5% when comparing the retention times of the 
analyte in the analytical curve and in the samples and was within the method 
acceptance criteria. The results of the detection limit showed CV ≤ 20%, also within 
the established acceptance limits and, therefore, the signal/noise ratio observed was 
48. 
Although there are analytical methods using the LC-MS/MS technique 
developed to determine lincomycin in tissues (SILVA, 2014; JANSEN et al., 2017; 
MADDALENO et al., 2019), other procedures for qualitative or quantitative 
determination have already been described using microbiological parameters 
(BARBIERS & NEFF, 1976; HORNISH, GOSLINE & NAPPIERR, 1987), HPLC and 
radio-tagged metabolites (HORNISH & GOSLINE, 1987). However, no data was 
found on the application of these methods, mainly LC-MS/MS, for different broiler 





histological characteristics. The different parts of broilers intestines showed 
particularities regarding the presence of lincomycin.  
Notably, a trend of plateau formation was observed with tissue 
concentration maintenance remaining high for a longer period in samples from the 
large intestine, when compared with the data obtained from the small intestine. Both 




The method was validated for the quantification of lincomycin in broilers 
small and large intestine, with sufficient parameters to meet the study´s proposal. It 
proved to be robust, sensitive, and replicable. Good recovery and accuracy were also 
observed. The analytical performance of the method was validated using as a basis 
the international guideline for the validation of analytical methods used in residue 
depletion studies, metabolism, and residual kinetics, of the European Medicines 
Agency (EMA) (VICH TOPIC GL 49, 2011). The detection and quantification limits 
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Efficacy of new veterinary formulation of lincomycin against 
pathogenic microorganisms in broilers intestines (Gallus gallus 
domesticus) 
 









The efficacy of a new animal health lincomycin formulation against pathogenic 
microorganisms in broilers intestines was verified (Gallus gallus domesticus). The 
clinical stage of the experimental protocol included 180 healthy broilers with 14 days 
of age, which after 7 days of acclimatization, began to receive 10 mg/kg/day of 
lincomycin orally for 7 days. From these animals, 90 broilers received lincomycin 
through feed and 90 broilers received lincomycin through drinking water. 
Representative groups of broilers were sacrificed at given times after the treatment 
start. The tissue samples obtained were stored at -20°C and were subsequently 
analyzed to determine the tissue levels of lincomycin by LC-MS/MS. MIC (Minimum 
Inhibitory Concentration) was determined in 7 strains of isolated field pathogens. The 
efficacy calculation of lincomycin against these strains was also determined. Water-
administered lincomycin was effective against a greater number of strains when 
compared to the feed administration. Among the treated animals, there was a higher 
level of lincomycin residues in the large intestine than in the small intestine.  
 






1. INTRODUCTION  
Lincomycin is an antibiotic that belongs to the class of lincosamides and 
acts by inhibiting the bacteria protein synthesis. They are weak bases, easily soluble 
in water when supplied as salt. Its action spectrum is mainly against gram-positive 
bacteria. It is available in oral, intramuscular, and intravenous forms. It is quickly but 
little absorbed when administered orally. Food can decrease its absorption rate and 
amount. It is well distributed throughout most tissues and is metabolized by the liver 
and excreted through urine, feces, and bile. In animal production, it is commonly 
used to treat enteric and respiratory diseases in poultry (FORNEY, 2017) (THE 
UNITED STATES PHARMACOPOEIAL CONVENTION, 2008). 
Efficacy studies should demonstrate that the antimicrobial product for 
veterinary use, at the recommended dosage, is effective against the indicated 
etiological agents. Such studies may be “in vivo”, with healthy animals, correlating 
the pharmacokinetic/tissue profile of the administered drug and the effective 
plasma/tissue concentration, and with “in vitro” studies for determining the MIC 
(Minimum Inhibitory Concentration) of each etiological agent which the product is 
indicated for. The determination of the MIC should be performed according to the 
protocols standardized by the CLSI; and preferably, the study should be conducted 
with microorganisms from the culture database of isolated strains in Brazil (MAPA, 
2009). 
Similarly, for clinical efficacy studies, we have international guidelines 
such as EMEA/CVMP/133/99 (Guidelines for the conduct of pharmacokinetics 
studies in target animal species) and EMEA/CVMP/627/01 (Guidelines for the 
demonstration of efficacy for veterinary medicinal products containing antimicrobial 
substances). Both mention the possibility of conducting studies involving tissues 
other than blood (EMEA, 2000; EMEA, 2002). 
For oral, non-absorbable or poorly absorbable antimicrobial products, such 
as lincomycin, the correlation between the plasma curve and the MIC (Minimum 
Inhibitory Concentration) is not a useful method due to the low plasma concentration 
found in the actives and their markers, not reaching therapeutic levels in the blood 





The purpose of this study is to evaluate the tissue efficacy of a new animal 
health drug, based on lincomycin, against bacterial pathogenic strains that cause 
enteric diseases in poultry. 
 
 
2. MATERIALS AND METHODS  
 
2.1.  Pharmaceutical formulation 
 
The antimicrobial product used in this study was a new formulation based 
on lincomycin (pilot batch: 0858295, manufactured by Agroceres Multimix Nutrição 
Animal Ltda, in November 2017, valid for 2 years from its date of manufacture). It is 
presented in the physical form of powder for incorporation into feed and/or drinking 
water. And contains a concentration of 60% of lincomycin hydrochloride. This batch 
was manufactured for study purposes to verify its stability, safety, withdrawal period 
and efficacy, which will be the subject of this paper. The new formulation is not being 
commercialized yet and the lincomycin contents were determined by LC-MS/MS 
method and validated before the studies. 
  
2.2.  Efficacy study 
 
2.2.1.  Site and animals 
 
The clinical stage was conducted at the Nowavet Agro Experimental 
Center in Coimbra, Minas Gerais state, Brazil. It was developed according to the 
ethical procedures for the use of animals, authorized by the Ethics Committee on the 
Use of Animals (CEUA) of the mentioned Experimental Center (CEUA Code No. 
21/2018 and No. 22/2018). The animals used (broilers) would be excluded from the 
study if they had any clinical signs of disease or were not in good health conditions, 
at the discretion of the researcher. No animal was excluded. They were fed to meet 
daily nutritional specifications according to its growing phase, receiving a commercial 





The animals’ management was conducted by a technician with experience 
in the studied species (poultry - broilers). The floors of the experimental barns were 
covered with coffee husks and free of moisture.  The site provided light control and 
heating system for use in one-day chicks. The animals selected to participate in the 
study remained in a place with structure capable of generating animal welfare. In the 
case of this study, animals were kept in collective boxes (6 animals/box) with water 
consumption monitored during treatment. A technician with experience in poultry 
management and familiar with the normal health and behavior of the animal 
performed the GHO (General Health Observations) on all animals at least once a 
day, throughout the study. 
 
2.2.2. Experimental design 
An acclimatization period of the animals was performed for 7 days, before 
the treatment beginning, which started with the arrival of the 14-day broilers in the 
experimental shed. 
After the acclimatization period, all animals received the formulation with 
lincomycin, at a dose of 10 mg of the active per kilo of body weight per day 
(10mg/kg/day), administered through water and feed. The product was administered 
for seven consecutive days by the same handler and, whenever possible, at the 
same time. Randomization was performed, since the animals were acquired from 
the same batch, with the same approximate age and weight. In D-7 (7 days before 
treatment, animals with 14 days of life) the animals were randomly distributed into 
15 experimental groups for each study (one study with the water administration of 
lincomycin and another with the feed administration of lincomycin), identified and 
weighed. Each group contained 6 animals (3 males and 3 females), totaling 180 
healthy broilers. After the separation and identification of the animals in their 
relevant groups, all were monitored for weight gain during the study. 
Tables 1 and 2 are presented for each study (by administration route), 
groups distribution, administered product, number of participating animals per group, 
treatment dose, administration routes in each study, collection time of the biological 
samples to be analyzed and the target matrix of the analysis. The intestinal tissue 





administration and every 2 hours after the end of treatment in order to observe the 
behavior of lincomycin absorption. 
 
Table 1. Experimental design scheme with water administration of the 
lincomycin-based formulation. 
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On day D0 (Day zero of study, animals with 21 days of age), all animals 
were subjected to treatment at 07:00 (±1h) with the lincomycin-based product 
supplied orally (feed and water) at the dose of 10 mg of lincomycin / body weight kg 
(group weight).  
For the treatment, the animals had the average feed/water intake 
evaluated on days D-3 (3 days before the treatment start), D-2 (two days before the 
treatment start) and D-1 (one day before the treatment start). This was performed in 
order to determine the correct amount of medication to be supplied from the first day 
of the proposed treatment on (group with water administration and group with feed 
administration). Each group was monitored for feed or water intake in order to 
determine the amount to be supplied the following day (D+1 to D+6). The evaluated 
product was weighed on an analytical scale and immediately added to the means of 
administration. 
 
2.2.4. Collection of biological matrices  
The broilers slaughter was performed through cervical displacement 
followed by the section of the jugular vein according to Resolution No. 1000 of May 
11, 2012 of the CFMV (Federal Council of Veterinary Medicine). After total bleeding, 
the chest region was opened. For this, with the use of scissors the chest was 
snatched back by mechanical traction and the abdomen was opened. The small 
intestine and large intestine were collected separately. The collected material was 
packed in plastic bags and immediately stored in isothermal boxes for later freezing 
at -20ºC. Samples were adequately identified and sent to the analytical laboratory in 
ice box with dry ice, at a temperature below -70ºC. The storage temperature of the 
samples in the laboratory was ≥ -20ºC until the analytical stage was conducted. 
Intestine samples were collected from time to time and analyzed by LC - MS/MS to 
quantify the lincomycin content. 
 
2.3. Pharmacodynamic study 
2.3.1 Bacterial strains 
Seven strains of bacteria responsible for the most common diseases that 





Escherichia coli, Pasteurella multocida, Proteus vulgaris, Pseudomonas aeruginosa, 
Salmonella Enteritidis and Salmonella Typhimurium. These strains came from the 
microbiological laboratory of Nowavet Ltda located in Coimbra, Minas Gerais, Brazil, 
and all of them were isolated from clinical cases occurred in commercial poultry 
farms. Table 3 shows the origin and clinical case isolated of the evaluated strains. 
 
Table 3. Ratio of isolated microorganisms and their origins. 
SPECIES ORIGIN 
Clostridium perfringens Feces, Concórdia - SC 
Escherichia coli Feces with diarrhea, Viçosa - MG 
Pasteurella multocida Upper respiratory tract, Viçosa - MG 
Proteus vulgaris Feces with diarrhea, Viçosa - MG 
Pseudomonas aeruginosa Broiler cellulite, Coimbra - MG 
Salmonella Enteritidis Feces, Belo Horizonte - MG 
Salmonella Typhimurium Feces with diarrhea, Belo Horizonte - MG 
 
2.3.2. Evaluation method of minimum inhibitory concentration  
The minimum inhibitory concentration (MIC) of an antimicrobial is the 
lowest concentration of the drug capable of inhibiting the tested agent´s growth in a 
culture media. Obviously, the result will depend on the following factors: 
characteristics of the microorganism, characteristics of the culture media and 
characteristics of the antibiotic.  
Many tests are proposed for determining the MIC. Among them, the macro 
and micro dilution methods in broth are pointed out. Both broth dilution methods 
quantitatively measure the in vitro activity of an antimicrobial agent against a given 
bacterial isolate through serial dilutions. The objective here was to determine the 
inhibitory concentration of lincomycin against the bacteria strains isolated from 
clinical cases in poultry, using the microdilution in broth methodology. The dilution 
technique was consolidated by the Clinical and Laboratory Standards Institute 
(CSLI), and was continuously updated (CLSI, 2007; CLSI, 2013; CLSI, 2015). Below 






A. Inoculum preparation 
After the strains spread in specific medium and conditions, samples were 
taken from bacterial colonies and diluted in TSB broth (Soybean Trypticase) or BHI 
(Brain and Heart Infusion), then forming a suspension. Each suspension was 
adjusted according to the McFarland scale 0.5 (1.5 x 108UFC/mL). Cultures were 
diluted to contain approximately 5 x 105 UFC/mL in each test well. 10μL of the 
standardized inoculum were diluted in 10mL of 0.9% saline solution and plated in a 
non-selective medium, incubated in their specific atmosphere at a temperature of 37 
± 2°C for 2-48 h. 
 
B. Preparation of antimicrobial stock solution 
The pure active ingredient of lincomycin, batch 1609012 (Sigma), 
manufactured in 09/2016 and valid until 08/2019, was used. The lincomycin potency 
was calculated at 984.04 μg/mg and the final concentration prepared was 5,120 
μg/mL. 
C. Dilution media 
  The culture media chosen was the Mueller Hinton Cation Adjusted, batch 
002/18. 
 
D. Microdilution plates preparation 
   The entire test was performed in a vertical laminar flow chamber. A 
microtitration plate containing 96 wells was used.  After dilution of the stock solution 
at 1:19 (v/v), the working solution with 256 μg/mL was obtained. Serial dilutions were 
performed in all microplate wells.  
Fifteen minutes after the inoculum preparation of the tested 
microorganisms, the microbial suspension was added in all wells containing diluted 
antibiotics and in the bacteria growth control (BC wells). 
The filled plates were incubated in aerobiosis at 35 ± 2ºC for 42-48 hours. 
The interpretation was performed by the absence or presence of turbidity in the 
medium and the MIC was considered as the lowest dilution with no turbidity. The 
interpretation was performed visually in comparison with the sterility controls 





As the quality control, all trials used the Staphylococcus aureus ATCC 
29213 strain. All trials were performed in triplicate. 
 
2.4. Determination of lincomycin in poultry tissues 
Lincomycin residues quantification in biological samples (small and large 
intestine) of the treated animals was performed by liquid chromatography combined 
with tandem mass spectrometry (LC-MS/MS) according to the method described in 





All animals included in the clinical protocol remained healthy throughout 
the study and there was no death as a result of the proposed treatment. A total of 
2,700 samples (1,350 from small intestines and 1,350 from large intestines) were 
obtained, preserved and sent for analysis.  
The clinical stage is essential during the trial execution to evaluate 
pharmacokinetic and pharmacodynamic parameters. Usually, these protocols are 
time-consuming and laborious, generating a large number of samples that require 
special and immediate treatment to avoid tissue or drug degradation. In addition, 
feed/water consumption monitoring is essential for maintaining the therapeutic 
proposal.  
Tissue concentration data versus post drug administration timing, were 
analyzed, calculated and the results will be presented here. Data on the time that 
tissue concentration were above and below the MIC baseline of each studied 
pathogen, were also analyzed and calculated. These measurements were performed 
both in the water vehicle and in the feed vehicle trials. A comparative analysis with 








3.1 Tissue levels of lincomycin in the broilers intestine 
Figure 1 shows the concentration/time curve for lincomycin in the small 
and large intestine fragments, when administered through water and feed. The Area 
Under Curve (AUC) parameter for each group is shown in Table 4. 
 
Figure 1 - Lincomycin concentration vs. time curves of the treated groups 
 
Table 4 - Area Under the Curve (AUC) for each treated group. 
Group 
Area under the Curve 
(µg/h/kg) 
Feed (SI) 3.833 
Water (SI) 3.789 
Feed (LI) 10.484 
Water (LI) 14.027 
 
The MIC result (determination of the minimum inhibitory concentration) of 
this study, with the 7 pathogenic strains of clinical field isolates, ranged from 1 to 256 
μg/mL (table 5). 
 
Feed (Small Intestine) 
Feed (Large Intestine) 
Water (Small Intestine) 




















Table 5. Determination of the minimum inhibitory concentration (MIC) of 7 





Clostridium perfringens 1.0 
Escherichia coli 32.0 
Pasteurella multocida 32.0 
Proteus vulgaris 256.0 
Pseudomonas aeruginosa 16.0 
Salmonella Enteritidis 64.0 
Salmonella Typhimurium 64,0 
 
Tables 6 and 7 show the results from the lincomycin tissue levels against 
bacterial strains that affect broilers. The total treatment period was 192 hours. The 
cutoff point considered was 60%, being the period in which the recovery curve of the 
lincomycin tissue concentration (tissue bioavailability) was above the MIC of each 

















Table 6. Calculation of the lincomycin (feed) efficacy in the small and large 
intestine for each strain tested using the pharmacokinetic parameter.  
 
MICROBIAL AGENT 
SMALL INTESTINE - LINCOMYCIN 
T>MIC (h) 
TREATMENT (hours) 
CP (%) T>MIC (%) EFFECTIVE 
Clostridium perfringens > 193.92 
192 60 
> 101 Yes 
Escherichia coli 40.18 20.93 No 
Pasteurella multocida 40.18 20.93 No 
Proteus vulgaris 0 0 No 
Pseudomonas aeruginosa 104.74 54.55 No 
Salmonella Enteritidis 0 0 No 
Salmonella Typhimurium 0 0 No 
MICROBIAL AGENT 
LARGE INTESTINE - LINCOMYCIN 
T>MIC (h) 
TREATMENT (hours) 
CP (%) T>MIC (%) EFFECTIVE 
Clostridium perfringens > 202.7 
192 60 
> 105.57 Yes 
Escherichia coli 139.37 72.59 Yes 
Pasteurella multocida 139.37 72.59 Yes 
Proteus vulgaris 0 0 No 
Pseudomonas aeruginosa 160.95 83.83 Yes 
Salmonella Enteritidis 75.9 39.53 No 




















Table 7. Calculation of the lincomycin (water) efficacy in the small and 
large intestine for each strain tested using the pharmacokinetic parameter. 
 
MICROBIAL AGENT 
SMALL INTESTINE - LINCOMYCIN 
T>MIC (h) 
TREATMENT (hours) 
CP (%) T>MIC (%) EFFECTIVE 
Clostridium perfringens 201.09 
192 60 
> 104.73 Yes 
Escherichia coli 32.37 16.86 No 
Pasteurella multocida 32.37 16.86 No 
Proteus vulgaris 0 0 No 
Pseudomonas aeruginosa 84.13 43.82 No 
Salmonella Enteritidis 0 0 No 
Salmonella Typhimurium 0 0 No 
MICROBIAL AGENT 
LARGE INTESTINE - LINCOMYCIN 
T>MIC (h) 
TREATMENT (hours) 
CP (%) T>MIC (%) EFFECTIVE 
Clostridium perfringens > 200.4 
192 60 
> 104.37 Yes 
Escherichia coli 161.85 84.30 Yes 
Pasteurella multocida 161.85 84.30 Yes 
Proteus vulgaris 0 0 No 
Pseudomonas aeruginosa 175.3 91.30 Yes 
Salmonella Enteritidis 120.05 62.53 Yes 
Salmonella Typhimurium 120.05 62.53 Yes 
 
 
4.  DISCUSSION 
 
In order to study the lincomycin efficacy in the intestinal tract of poultry 
subjected to treatment with a new veterinary formulation, fragments of small intestine 
(distal ileum) and large intestine (colon) were collected, in which the active principle 
was determined. This trial was based on the studies of Burch (2005, 2007 and 2012) 
and Wiuff et al., (2002), who performed the pharmacological quantification in the 
target tissue, in this case, the intestinal contents. Additionally, reviews were 
performed by Liu et al. (2003) and Matson & Fallon (2009), who mention that the 
determination of tissue concentration (action site of the pathogen) of the 
pharmacological agent, is the best way to predict the efficacy of an antibiotic product, 
since it acts where the microbial target is located. Efficacy was determined by 
analyzing the time that the concentration remained above the MIC (drug with time-





The poultry intestinal microbiota commonly contains several bacteria that 
can cause significant diseases in humans, especially salmonella, even if the 
intestinal microbiota is in equilibrium and with no emergence of clinical signs. 
Nevertheless, if the intestine is unbalanced, septicemic episodes might appear 
(ANDREATTI FILHO, 2007b). These bacteria, who survive normally in the intestinal 
tract, can also cause systemic diseases, accompanied by enteric lesions (PORTER 
JUNIOR, 1998). Therefore, special care with the intestinal integrity of broilers should 
be given to maintain a commensal microbiota that controls the pathogenic bacteria 
growth. The poultry intestine is an important organ of the immune system since the 
intestinal mucosa contains cells that are responsible for controlling the main contact 
route of the infectious agents, thus participating in the overall infection control.  It also 
plays a role as a physical barrier by preventing local bacteria from contaminating the 
systemic route of the animal´s organism (ROBERTO, 2019). 
Some pathogenic agents are predominantly located in the lumen of the 
intestine and cause little damage, but there may be other pathogens that use the 
intestine as an entrance way to affect other animal tissues. Therefore, any 
disturbance of the intestine physiology, often results in relevant clinical 
consequences (SMITH & BEAL, 2008).  
The poultry digestive process begins in the stomach, which is divided into 
two distinct functional parts: the proventriculus (glandular stomach) and the gizzard 
(muscle stomach) (MACARI et al., 2002). Secretions of substances with a low pH, 
such as hydrochloric acid, mucin, pepsinogen and the gastric juice, occur in the entire 
digestive system (ITO, 1997 and GABRIEL et al., 2006), and may have an influence 
on the degradation of orally ingested antimicrobials. This fact might be related to a 
finding of this study, which was the lower efficacy of lincomycin when feed 
administered. The longest part of the digestive system is the intestine, which is 
responsible for food digestion and nutrient absorption (BOARO, 2009). In them there 
is the presence of villi and the maximum capacity of digestion and absorption occurs 
when the animal has a large luminal area (CERA et al., 1988). Absorption is 
dependent on the mechanisms that occur in the intestinal mucosa (BOARO, 2009), so 
they need to be healthy for a good absorption. This fact may also be related to the 





In this study, the main pathogens that affect poultry intestines and cause, 
among other diseases, necrotic enteritis, clostridiosis, colibacillosis, pasteurellosis, 
salmonellosis and even pneumonia, were considered. It was demonstrated that 
lincomycin, at the studied dose, had different residue levels between the poultry 
intestines, probably due to morphological factors of the digestive tract. In addition, a 
difference was observed between the lincomycin formulation efficacy compared to 
the oral routes of administration by water and feed. Considering the physiology of the 
poultry gastrointestinal tract, water has a faster transit, and therefore a greater 
absorption rate in the intestines.  
 
5.  CONCLUSION   
 
The results obtained in efficacy studies depend on the analytical technique 
with reliable methods for the analyte quantification. The method used (LC-MS/MS) to 
quantify lincomycin in poultry tissues in this study was robust and met the proposed 
criteria. In the efficacy study, the sensitivity to lincomycin, used against pathogenic 
strains obtained from clinical cases that affect poultry in Brazil, was evaluated. 
The new lincomycin-based formulation, which was orally administered at a 
dose of 10 mg/kg of live weight, for 7 consecutive days, in broilers, demonstrated its 
tissue efficacy against the agents Clostridium perfringens, Escherichia coli, 
Pasteurella multocida and Pseudomonas aeruginosa, when supplied via feed. The 
same product, at the same dose and with the same treatment duration, but supplied 
via water, demonstrated tissue efficacy against Clostridium perfringens, Escherichia 
coli, Pasteurella multocida, Pseudomonas aeruginosa, Salmonella Enteritidis and 
Salmonella Typhimurium. It was perceived that the lincomycin efficacy was higher 
when administered through drinking water. Lincomycin residue levels were higher in 
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GENERAL DISCUSSION  
Brazilian agribusiness has had a large share in the country's Gross 
Domestic Product (GDP), with a 3.3% increase in the first quarter of this year 
compared to the same period in 2019 (NOTÍCIAS AGRÍCOLAS, 2020). According to 
Bueno (2020) chicken meat collaborates in these results being the 6th most exported 
Brazilian product in 2019. The Chinese market is the largest buyer of this product 
(BUENO, 2020) and the trend is that Brazil remains leading the global exports. 
In order to sustain the Brazilian leadership of chicken meat exports and 
the continuous improvement of the domestic industry´s productivity, with a view to 
animal health, veterinary medicine has had at its disposal, antimicrobials such as 
lincomycin, which already is widely used in poultry production, mainly for enteric 
diseases (MESTRINO, 2009). 
Lincomycin absorption occurs in the gastrointestinal tract, but is rapid and 
partial, between 20 and 30% only (MUHAMMAD. J. et al, 2017). An important feature 
to be noted is that lincomycin is considered a time dependent antibiotic and not 
concentration dependent (PAPICH, 2002). The antibiotic is time dependent when the 
bacteria exposure period to it, is an important factor for its action. On the other hand, 
when the antibiotic is concentration dependent, the effect on the bacteria death is 
greater when there is an increase in the antibiotic concentration (BUFFÉ.C; De 
ARAÚJO. B.V; DALLA COSTA. T. 2001). 
Due to this, the recovery of lincomycin content in plasma is low, hindering 
plasma pharmacokinetics, opting for the determination of residual levels in the tissue 
of interest. Due to this, the protocol used in this study was the determination of the 
lincomycin content in the poultry intestine (small and large). The results showed that 
the new lincomycin-based formulation administered orally, both in feed or water, at a 
dose of 10 mg of the active/kg of live weight for 7 consecutive days, remained above 
the minimum inhibitory concentration (MIC), for at least 60% of exposure time. Thus, 
proves its tissue efficacy against the agents Clostridium perfringens, Escherichia coli, 
Pasteurella multocida and Pseudomonas aeruginosa, when feed administered and 
against the agents Clostridium perfringens, Escherichia coli, Pasteurella multocida, 





water administered. It is noted that the lincomycin efficacy was higher when 
administered orally through drinking water. 
In commercial poultry farms usually the medication administration routine 
is through drinking water. One fact observed is that when the animals get sick, they 
become unappetizing, decreasing the feed intake, and if they have fever, the water 
intake increases (PALERMO NETO, J.; BORSOI, A., 2013), which favors water 
medication. The new formulation of this antibiotic containing lincomycin will be 
indicated for both administration routes. 
The analytical method used (LC-MS/MS) was validated and presented a 
lincomycin quantification limit in the intestines of 125 μg/mg, which is sufficient for the 
purpose of the study. Nevertheless, there are other methods referred in the literature, 
that mention lower quantification limits (SILVA, 2014).  
The results showed a plateau formation trend with maintenance of the 
tissue concentration of lincomycin remaining high for a longer period in samples from 
the large intestine, when compared with the data obtained for small intestine. This 
suggests a greater absorption of lincomycin in the large intestine than in the small 
intestine, which may be due to the structural and morphological characteristics of 
each organ (including cell morphology). Anatomically the large intestine has many 
villi in its mucosa, composed of specific cells (BOARO, 2009) and this might have 
influenced this finding. 
The efficacy rate of any given antibiotic depends on several factors, such 
as its predilection for target tissues. An example of this, are macrolides in the lungs, 
that reach high concentrations and contribute to tissue 
pharmacokinetics/pharmacodynamics rather than plasmatic. Another factor is the 
presence of the bacteria in these target tissues, making it more conditionally 
sensitive. Therefore, the results of the efficacy studies depend on the method 
elected, which can be carried out in vivo or in vivo, with different antimicrobial effects 









Lincomycin, in the studied dose and formulation, showed efficacy in a 
greater number of pathogens when applied through water, including relevant 
salmonella strains, which represents a big concern to the Brazilian poultry industry, 
being responsible for great economic losses and presenting a major public health 
risk. 
The result of the efficacy study showed that lincomycin, at the studied 
dose, had higher residue levels in broilers large intestine (higher concentrations 
found), which means a greater presence of the active substance at this site, where 
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